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(57) ABSTRACT

Wheel assembly for a vehicle includes a wheel, at least one
lower suspension link and an upper attachment joint, both
being able to be attached to the vehicle, the wheel being able
to rotate at 360° to steer the vehicle around a pivot line
positioned by said at least one lower suspension link and said
upper attachment joint once attached to the vehicle, a projec-
tion of the pivot line onto a vertical projection plane compris-
ing a vertical axis passing through a contact point between the
wheel and ground defining a caster angle with said vertical
axis. The caster angle can be adjusted within a predetermined
range, whatever the orientation of the projection plane. A
distance between the upper attachment point and the contact
point between the wheel and ground in relation to the adjusted
caster angle can be adjusted.

13 Claims, 4 Drawing Sheets
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1
INTEGRATED SYSTEM OF
INDEPENDENTLY-VARIABLE
MULTI-WHEEL STEERING AND ROAD
CONTACT GEOMETRY

This application claims priority to International Applica-
tion No. PCT/EP2012/053805 filed Mar. 6, 2012 and Swiss
Patent Appln. 00251/12 filed Feb. 27, 2012; the entire con-
tents of each are incorporated herein by reference.

The present invention relates to a wheel assembly and a
vehicle comprising at least two such wheel assemblies.

The document WO 2010/150286 describes a vehicle hav-
ing five omni-directional wheel assemblies. Such vehicle can
adjust its height by moving the wheel support but this height
adjustment is done at the axle level, so that the system is
complicated and the either the front or the rear side will move
so that stability in curves is not improved.

The document WO 2011/147648 describes a vehicle hav-
ing wheel assemblies with an adjustable caster angle. How-
ever, this solution does not completely address the lack of
stability during changes of direction.

The present invention aims to solve these aforementioned
drawbacks and is directed to propose first an omni-directional
wheel assembly able to provide improved stability while driv-
ing along a curve or during changes of direction.

With this goal in mind, a first aspect of the invention is a
wheel assembly for vehicle comprising:

a wheel,

at least one lower suspension link and an upper attachment

joint, both being able to be attached to the vehicle,
the wheel being able to rotate at 360°, to steer the vehicle,
around a pivot line positioned by said at least one lower
suspension link and said upper attachment joint once attached
to the vehicle,
a projection of the pivot line onto a vertical projection plane
comprising a vertical axis passing through a contact point
between the wheel and ground defining a caster angle with
said vertical axis,
the wheel assembly comprising:
caster adjustment means arranged to adjust the caster angle
within a predetermined range, whatever the orientation
of the projection plane, characterized in that the wheel
assembly comprises:

length adjustment means arranged to adjust a distance

between the upper attachment point and the contact

point between the wheel and ground, in relation to the

adjusted caster angle.
The present invention, by proposing an adjustment of the
distance between the upper adjustment point and the ground,
allows an independent adjustment of the length of each wheel
assembly of the vehicle so that the stability is improved, as the
adjustment is performed in relation to the caster angle. The
orientation of the chassis is controlled (horizontal or inclined
target) so that an optimization of the passenger comfort is
achieved. For example, banking of the chassis may be
obtained to compensate a centrifugal force applied to the
passengers during turning at higher speeds.

Advantageously, the length adjustment means adjust the
distance in relation to the rotation of the wheel around the
pivotline. The adjustment is done as a function of the pivoted
angle, so that the stability is improved during the changes of
direction.

Advantageously, the wheel assembly comprises a suspen-
sion mean arranged between the upper attachment joint and
the lower suspension link, and the length adjustment means
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are arranged between the wheel and the lower suspension
link. This embodiment provides a low center of gravity to the
assembly.

Ideally, the length adjustment means are electrically pow-
ered.

As an alternative, the length adjustment means are pneu-
matically powered.

As an alternative, the length adjustment means are hydrau-
lically powered.

The invention is also related to a vehicle comprising at least
one wheel assembly according to the first aspect of the inven-
tion, wherein the wheel of said at least one wheel assembly
defines a track with another wheel of the vehicle and wherein
the track is adjusted by an adjustment of the adjustable dis-
tance of said at least one wheel assembly, in relation to the
caster angle. The present invention provides an additional
effect at the vehicle level, as the combination of the caster
angle adjustment and the length adjustment result in an
increased change of the track width, so that the stability is
more improved.

Advantageously, the wheel of said wheel assembly occu-
pies a longitudinal position on the vehicle and the longitudi-
nal position is adjusted by an adjustment of the adjustable
distance of said at least one wheel assembly, in relation to the
caster angle. The longitudinal position of the wheel is
changed to improve the agility of the vehicle.

The invention is also related to a process for stabilizing of
avehicle in motion comprising at least two wheels defining a
track and belonging to wheel assemblies each:

having a pivot line,

presenting an adjustable caster angle, and

an adjustable distance between an upper attachment point

and the ground, the process comprising the steps of:
steering the vehicle into a direction by turning each wheel
around its pivot line by a steering angle;

adjusting the caster angle of each wheel assembly in rela-

tion to the steering angles;

adjusting the track in relation to the steering angles by

changing the adjustable distance.
The process according to the invention leads to an improved
stability of the vehicle as the track width is changed while the
vehicle is driving along a curve.

Advantageously, the process comprises a step of adjusting
the longitudinal position on the vehicle of said at least two
wheels, in relation to the steering angles, by changing the
adjustable distance. The agility of the vehicle during the
changes of direction is improved.

Advantageously, the change of direction defines an instan-
taneous center of rotation common to the at least two wheels
and located on one side of the vehicle,
and the step of adjusting the track comprises the steps of:

decreasing the adjustable distance of the wheel assembly

being between the vehicle and the instantaneous center
of rotation

increasing the adjustable distance of the wheel assembly

being opposite to the instantaneous center of rotation in
regards to the vehicle.
This embodiment provides the ability for the vehicle to
actively withstand the centrifugal forces applied to the
vehicle body during the change of direction.

Ideally, the process comprises a step of measurement ofthe
speed of the vehicle, and the step of adjusting the track is
performed in relation to the speed of the vehicle.

Ideally, the process comprises a step of adjusting an orien-
tation of the vehicle chassis relative to a horizontal plane, by
changing the adjustable distance. The invention provides a
stable orientation of the chassis if the road orientation
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changes. It is now possible to compensate a slope or a trans-
verse inclination ofthe road, resulting in an improved comfort
for the passengers.

Other characteristics and advantages of the present inven-
tion will appear more clearly from the following detailed
description of particular non-imitative examples of the inven-
tion, illustrated by the appended drawings where:

FIG. 1 represents a perspective view of a wheel assembly
according to the invention;

FIG. 2 represents a front view of the wheel assembly of
FIG. 1 during straight forward driving conditions, at a first
length configuration;

FIG. 3 represents a front view of the wheel assembly of
FIG. 1 during straight forward driving conditions, at a second
length configuration;

FIG. 4 represents a front view of the wheel assembly of
FIG. 1 during straight forward driving conditions, at a third
length configuration;

FIG. 5 represents a front view of the wheel assembly of
FIG. 1 by driving along a curve, at a first length configuration;

FIG. 6 represents a front view of the wheel assembly of
FIG. 1 by driving along a curve, at a second length configu-
ration;

FIG. 7 represents a front view of the wheel assembly of
FIG. 1 by driving along a curve, at a third length configura-
tion;

FIG. 8 represents a top view of a vehicle in motion along a
curve comprising 4 wheel assemblies according to the present
invention.

The wheel assembly represented at FIG. 1 comprises a
wheel 10 that is arranged to rotate around a pivot line 90, in
response to a command from an electric drive 95 engaged
with a gear 96. The wheel assembly is arranged to be attached
to a vehicle between the upper attachment joint 30 and the
lower suspension arm 20. The wheel assembly is equipped
with caster angle adjustment means 37 which are arranged to
adjust the caster angle of the wheel assembly by a rotation of
the part 35 around the axis 37, which is arranged at a specific
distance from the pivot line 90. The rotation of this eccentric
part 35 may be controlled by an electric motor, not repre-
sented. This arrangement allows an adjustment of the caster
angle whatever the rotation of the wheel around the pivot line
is. The wheel assembly comprises suspension means 50 and
also comprises length adjustment means 40 arranged to adjust
the length H in relation to various parameters, as detailed in
the following paragraphs. The wheel 10 may be powered by
one electric motors not shown, mounted at the top of the
wheel assembly.

FIG. 2 shows a front view of the wheel assembly of FIG. 1
during straight forward driving conditions, at a first length
configuration. The length adjustment means 40 have been set
at a minimum length H1.

FIG. 3 shows a front view of the wheel assembly of FIG. 1
during straight forward driving conditions, at a second length
configuration. The length adjustment means 40 have been set
at a medium length H2.

FIG. 4 shows a front view of the wheel assembly of FIG. 1
during straight forward driving conditions, at a third length
configuration. The length adjustment means 40 have been set
at a high length H2.

FIG. 5 represents a front view of the wheel assembly of
FIG. 1 by driving along a curve, at the first length configura-
tion. In the aim to drive along a curve, the wheel 10 is rotated
around the pivot line 90. Only a section of the wheel 10 is
shown in dotted line, as well as the fork that is also rotated. In
the same time, the caster angle is adjusted by the caster
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adjustment means 37 by a rotation of the eccentric part 35. A
lateral movement W1 of the wheel 10 is simultaneously
obtained.

FIG. 6 represents a front view of the wheel assembly of
FIG. 1 by driving along a curve, at the second length configu-
ration. In order to compensate an inclination of the road or to
improve the stability along the curve, the length adjustment
means 40 are elongated to the second length H2, so that a
greater transverse displacement W2 of the wheel 10 is
obtained. The track is enlarged compared to the first length
W1 of FIG. 5.

FIG. 7 represents a front view of the wheel assembly of
FIG. 1 by driving along a curve, at a third length configura-
tion. In the aim to obtain the highest stability of the vehicle,
the length adjustment means 40 are elongated at the maxi-
mum length H3, so that a maximum transverse displacement
W3 of wheel 10 is achieved.

FIG. 8 represents a top view of a vehicle in motion along a
curve comprising 4 wheel assemblies according to the present
invention. The vehicle is equipped with four wheel assem-
blies 1, 2, 3, 4 and is shown during a change of direction. An
instantaneous center of rotation C is represented with the
turning radiuses attached to each steering wheel. The length
adjustment means are controlled so that the transverse and
longitudinal position of each wheel is adjusted, in relation to
the caster adjusted angle. The positions occupied by the
wheel are shown in solid lines, and the dotted lines show the
position that the wheels would occupy without the invention.
It should be noticed that the outer wheels are moved so that
their respective distance is enlarged and the inner wheels are
moved so that their respective distance is reduced. The track
width is also enlarged. This results in an improved stability
and agility of the vehicle driving along a curve.

It is understood that obvious improvements and/or modi-
fications for one skilled in the art may be implemented, being
under the scope of the invention as it is defined by the
appended claims.

The invention claimed is:

1. A wheel assembly for vehicle comprising:

a wheel,

at least one lower suspension link and an upper attachment

joint, both being able to be attached to the vehicle, the
wheel being able to rotate at 360°, to steer the vehicle
around a pivot line positioned by said at least one lower
suspension link and said upper attachment joint once
attached to the vehicle,

aprojection of the pivot line onto a vertical projection plane

comprising a vertical axis passing through a contact
point between the wheel and ground defining a caster
angle with said vertical axis,

caster adjustment means arranged to adjust the caster angle

within a predetermined range, whatever the orientation
of the projection plane,

length adjustment means arranged to adjust a distance

between the upper attachment point and the contact
point between the wheel and ground in relation to the
adjusted caster angle.

2. The wheel assembly according to claim 1 wherein the
length adjustment means adjusts the distance in relation to the
rotation of the wheel around the pivot line.

3. The wheel assembly according to claim 1 further com-
prising a suspension arranged between the upper attachment
joint and the lower suspension link, and wherein the length
adjustment means are arranged between the wheel and the
lower suspension link.

4. The wheel assembly according to claim 1 wherein the
length adjustment means are electrically powered.
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5. The wheel assembly according to claim 1 wherein the
length adjustment means are pneumatically powered.

6. The wheel assembly according to claim 1 wherein the
length adjustment means are hydraulically powered.

7. A vehicle comprising at least one wheel assembly
according to claim 1, wherein the wheel of said at least one
wheel assembly defines a track with another wheel of the
vehicle and wherein the track is adjusted by an adjustment of
the adjustable distance of said at least one wheel assembly in
relation to the caster angle.

8. A vehicle according to claim 7, wherein the wheel of said
wheel assembly occupies a longitudinal position on the
vehicle and wherein the longitudinal position is adjusted by
an adjustment of the adjustable distance of said at least one
wheel assembly in relation to the caster angle.

9. A process for stabilizing of a vehicle in motion compris-
ing at least two wheels defining a track and belonging to
wheel assemblies each:

having a pivot line,

including one of the at least two wheels and being able to

rotate at 360° to steer the vehicle around the pivot line,
presenting an adjustable caster angle, and

an adjustable distance between an upper attachment point

and the ground,

the process comprising the steps of:

steering the vehicle into a direction by turning each wheel

around its pivot line by a steering angle;
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adjusting the caster angle of each wheel assembly in rela-

tion to the steering angles; and

adjusting the track in relation to the steering angles by

changing the adjustable distance.

10. A process according to claim 9, comprising a step of
adjusting the longitudinal position on the vehicle of said at
least two wheels, in relation to the steering angles by chang-
ing the adjustable distance.

11. A process according to claim 9, wherein the change of
direction defines an instantaneous center of rotation common
to the at least two wheels and located on one side of the
vehicle,

and wherein the step of adjusting the track comprises the

steps of:

decreasing the adjustable distance of the wheel assembly

being between the vehicle and the instantaneous center
of rotation;

increasing the adjustable distance of the wheel assembly

being opposite to the instantaneous center of rotation in
regards to the vehicle.

12. A process according to claim 9, comprising a step of
measurement of the speed of the vehicle, and wherein the step
of adjusting the track is performed in relation to the speed of
the vehicle.

13. A process according to claim 9, comprising a step of
adjusting an orientation of the vehicle chassis relative to a
horizontal plane, by changing the adjustable distance.
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